A Case of Neuromyelitis Optica Masquerading as Miller Fisher Syndrome
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Introduction
Neuromyelitis optica (NMO) is a severe autoimmune inflammatory demyelinating disease of the central nervous system (CNS) that preferentially affects the optic nerve and spinal cord [1] . Compared with typical optic neuritis, NMO is often not improved by intravenous steroid therapy, which is the standard treatment for refractory or severe optic neuritis, and can result in severe visual impairment [2, 3] .
Brainstem involvement has recently been described in NMO, and the predominant manifestations are vomiting and hiccups, which mainly occur at disease onset [4] . In addition, some patients with NMO experience diplopia with external ophthalmoplegia [3, 5, 6] . However, there are no reports describing NMO with abduction palsy.
Here we describe a novel case of NMO with bilateral abduction palsy following an infection, the symptoms of which were initially suggestive of Miller Fisher syndrome. This case also brings forth the differences in the efficacy of steroids for treating lesions of the CNS and brainstem in NMO.
Case Report
A 22-year-old woman presented at our hospital complaining of double vision that had lasted 2 weeks. One month prior to the visit, she had shown symptoms such as fever and a cough and had been diagnosed with upper tract inflammation, possibly due to a viral infection. Two weeks later, she had experienced double vision, vomiting, and hiccups.
On examination, her corrected visual acuity was found to be 1.5 OU, and her light reflex was complete and prompt. There was no relative afferent pupillary defect (RAPD). She showed esotropia of 25 prism diopters in the primary position with restricted eye movement to both the right and left eye with right dominance (fig. 1a) . Visual field assessment, fundoscopy, and the Ishihara color blindness tests showed no abnormality. Systemic neurological examinations showed hyperreflexia in both the upper and lower extremities, but no signs of motor ataxia.
Based on these findings, Miller Fisher syndrome was initially suspected. To rule out other diseases, brain magnetic resonance imaging (MRI) was performed. T2-weighted and fluid-attenuated inversion recovery images showed hyperintense areas in the tegmentum of the pons, including the abducens nucleus with right dominance, the dorsal medulla oblongata including the area postrema, the left ventral midbrain, the periphery of the lateral and third ventricular regions, and the left middle cerebellar peduncle ( fig. 1b) . A spinal MRI revealed a longitudinal lesion extending from the cervical to the thoracic spinal cord ( fig.  1b ). There was no finding suggesting optic nerve inflammation or lesions of the pontocerebellar cistern, clivus, or cavernous sinus that could have directly damaged the oculomotor or abducens nerves. The patient's cerebrospinal fluid was hypercellular (41 cells/μl, 95.1% mononuclear cells) with elevated levels of total protein (75.5 mg/dl); however, an oligoclonal band was not detected. A test for the anti-aquaporin-4 (AQP4) antibody in the patient's peripheral blood was positive, and she was diagnosed with NMO based on the established criteria [7] . According to the clinical features of this patient, acute disseminated encephalomyelitis could be considered. However, we excluded this based on the patient's relapsing clinical course and positive reaction of the anti-AQP4 antibody. In addition, antinuclear antibody and other autoantibodies were all negative, and this patient had no abnormalities in the anterior portion, optic media, or fundus of the eye and no cutaneous or joint symptoms suggesting other autoimmune diseases such as systemic lupus, Sjögren's syndrome, or sarcoidosis.
The patient was initially treated with intravenous methylprednisolone therapy (IVMP; 1,000 mg/day for 3 days) followed by oral prednisolone (40 mg/day for 7 days, with gradual tapering). After IVMP, her eye movement gradually improved, and symptoms of diplopia, nausea, and hiccupping disappeared. The hyperintense lesions on the tegmentum of the pons also diminished ( fig. 2a) .
A week later, she experienced visual field loss and pain during left eye movement. An ophthalmologic examination revealed RAPD, decreased critical flicker frequency (CFF), and an upper visual field defect in the left eye ( fig. 2b) . Tests for eye position and eye movement and a fundoscopy were normal. Around the same time, she complained of left arm and right leg paresis and a left-sided headache. Contrast-enhanced MRI showed swelling and enhancement of the bilateral optic nerves, suggesting optic neuritis ( fig. 2c) .
Although several IVMP treatments were administered again, the patient's optic neuritis did not show any improvements. We considered that she was at a high risk of relapse, and plasma exchange was performed five times. Two weeks later, the defects in her visual field and CFF had almost normalized ( fig. 2b) .
Discussion
The course of this patient highlights three important clinical findings. NMO can present as an abduction defect, and infection can precede the neurological symptoms, mimicking Miller Fisher syndrome. The response of the lesions in the optic nerve and brainstem to IVMP during an acute NMO attack also differed.
First, the primary symptom of NMO can be eye movement disturbance. NMO is characterized by the presence of serum anti-AQP4 antibody, which targets AQP4 in astrocytic foot processes in the CNS and ependymal cells around the brainstem [8, 9] . Previous reports on the characteristics of brainstem symptoms of NMO have shown that 17.3% of NMO patients with anti-AQP4 antibody positivity have oculomotor dysfunction [3] . However, the patterns of eye movement disturbance and the associated lesions were not analyzed in detail. Notably, there are no reports of patients with abduction defects. The present case exhibited a bilateral abduction deficit that was right dominant, which is consistent with the causative lesion in the abducens nucleus revealed by MRI findings. In addition, a previous study showed that diencephalon and brainstem MRI findings were predominant at an early onset in NMO patients [3] . In fact, the present patient presented with abduction palsy before her optic neuritis occurred. The different onset timing may be due to anatomical differences; the area postrema is not protected by the blood-brain barrier (BBB) [3] .
Second, there are different efficacies for IVMP depending on whether the lesions are in the brainstem or optic nerve during acute attacks of NMO. According to pathological findings in NMO spinal lesions, astrocytes are first damaged by anti-AQP4 antibodies and complement proteins following an inflammatory demyelination event [7, 10] . As for optic nerve lesions due to NMO, no postmortem histological examinations have been reported. Based on experimental studies using animal models, it has been shown that optic nerves also exhibit decreased levels of AQP4 and glial fibrillary acidic protein, which is followed by the loss of optic nerve fibers and inflammatory cell infiltration [11] . However, the different types of edema regulated by AQP4 channels in the optic nerve and spinal cord suggest that the physiological function of the BBB might differ from that of the spinal cord [12] . In the optic nerve, necrotic changes might occur due to cytotoxic edema, resulting in permanent impairment. In the present case, intravenous steroid therapy improved the patient's abduction defect but did not halt the progression of her optic neuritis. Anatomical differences involving the BBB might be an explanation for this disparity. Moreover, there may be pathophysiological differences between CNS and brainstem lesions.
Plasma exchange finally ameliorated the optic neuritis, and the MRI evidence of brainstem lesions also indicated improvement. When no significant clinical improvement is observed following steroid treatment, plasma exchange has been shown to be effective for treating acute NMO [2] . Plasma exchange can suppress CNS inflammation by removing anti-AQP4 antibodies [13] . Further studies are needed to determine whether plasma exchange could prevent the development of CNS lesions in the setting of limited brainstem lesions. Third, there is a possible association between the development of NMO and acute viral infection, which might activate the immune system and initiate autoimmunity. We first suspected the patient to have Miller Fisher syndrome based on her abduction defect after infection, although some cases of NMO following infection have been reported [14, 15] .
These cases raise two possibilities. One is that, in some NMO patients, viral infections increase BBB permeability, which allows the autoantibody to enter the brain, although we have no data regarding leakage from the peripheral circulation to the patient's cerebrospinal fluid. Secondly, viral infection can trigger NMO-associated autoimmunity. In general, viruses induce autoimmunity through molecular mimicry and adjuvant-like activity during disease initiation, or through bystander activation with or without antigen spreading. Therefore, we could hypothesize that acute viral infection activates the immune system to initiate NMO.
In conclusion, NMO can cause brainstem lesions after an infection, and the symptoms can mimic those of Miller Fisher syndrome. In addition, optic neuritis can develop even if brainstem lesions are successfully controlled with steroid therapy. Plasma exchange may be needed to prevent the development of CNS lesions.
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